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Aims: To examine the factors associated with diabetes, a late diabetes diagnosis, and whether these
factors are different for males and females.
Methods: Cross-sectional study including 7101 individuals aged 25 years in Newfoundland and Lab-
rador, Canada (466 with diabetes; 332 diagnosed late). Logistic regression analysis was used to deter-
mine the factors associated with a diabetes diagnosis and late diabetes diagnosis.
Results: For males, overweight/obesity (HR, 1.35; 95% CI, 1.06e1.72) was positively associated with dia-
betes while being a regular/occasional drinker (HR, 0.53; 95% CI, 0.32e0.88) was inversely associated
with diabetes. Living in a rural area (HR, 1.47; 95% CI, 1.01e2.15), receiving social assistance (HR, 2.80;
95% CI, 1.52e5.15), having poor self perceived health (HR, 2.06; 95% CI, 1.32e3.21), and considering most
days stressful (HR, 1.45; 95% CI, 1.01e2.10) were positively associated with diabetes for females. No
factors were signiﬁcantly associated with a late diabetes diagnosis for males. Having a low education
(OR, 0.33; 95% CI, 0.11e0.99) was inversely associated with a late diabetes diagnosis for females.
Conclusions: Different factors are associated with diabetes for males and females. Disadvantaged females
appear to be at the greatest risk. The factors associated with a late diabetes diagnosis were also different
for males and females. Females with lower education levels are diagnosed with diabetes earlier than
females with higher education levels. Certain risk factors appear to impact males and females differently
and more research is needed on how males and females develop diabetes and when they are diagnosed.
Crown Copyright  2014 Published by Elsevier Inc. All rights reserved.Introduction
Worldwide, there are approximately 366 million people with
diabetes and it is estimated that 552 million will be affected by
2030 [1]. In Canada, the prevalence of diabetes was 6.8% in 2008/09,
with more men having diabetes thanwomen (7.2% versus 6.4%) [2].
A challenge with type 2 diabetes is diagnosing the disease early
in an effort to prevent progression to complications. About 183
million people, or half of those who have diabetes, are unaware
they have the disease [1]. Furthermore, type 2 diabetes can be
present for 9e12 years before being diagnosed and, as a result,
complications are often present at the time of diagnosis [3].
However, the potential does exit to prevent or at least delay the
onset of type 2 diabetes as several randomized control trials haveBY-NC-SA license (http://
þ1 709 752 6035.
he).
014 Published by Elsevier Inc. Allshown that both lifestyle and pharmacologic interventions in
adults are effective [4e7]. In addition to preventing diabetes, it is
also possible to reduce diabetes related complications through
intensive blood glucose control [5e7].
In most countries, even though females have lower mortality
rates than males, they experience poorer health [8]. Diabetes tends
to affect males more than females since more males are diagnosed
with diabetes [2]. In addition, males are diagnosed at lower BMI
levels than females [9]. Even though more males have diabetes,
females with diabetes have a greater risk of mortality and hospi-
talizations [10e19].
Various factors are associated with type 2 diabetes including
older age, overweight or obesity, physical inactivity, marital status,
smoking, lower education and low income [1,2]. Early detection of
type 2 diabetes is critical as effective and active management is
essential for those newly diagnosed patients who have not devel-
oped complications. As the rates of diabetes increase it is important
to study the factors associated with late diagnosis of diabetes and
whether these determinants differ for males and females. There-
fore, the objectives of this study are to examine the factorsrights reserved.
Table 1
Conditions used to identify early and late diabetes diagnoses
Conditions ICD 9 codes ICD-10-CA codes
Cardiovascular disease 390e448 I00eI78
Ischemic heart disease 410e414 I20eI25
Hypertensive disease I10eI13, I15
Acute myocardial infarction 410 I21eI22
Heart failure 428 I50
Stroke 430e438 I60eI69
Renal disease 585e586 N18eN19
Atherosclerosis 440
Amyloidosis 277.3 E85
Other peripheral
vascular diseases
443 I73
Other and unspeciﬁed
hyperlipidemia
372.4
Other proliferative
retinopathy: Proliferative
vitreo-retinopathy
H35.2
Chorioretinal scars 363 H31.0
Atherosclerotic retinopathy I70.8 H36.8
Other disorders of optic
nerve and visual pathways
H47
Other retinal disorders 362 H35
Nephritis and nephropathy,
not speciﬁed as acute or chronic
583
Acute renal failure 584
Disorder of kidney
and ureter, unspeciﬁed
N28.9
Other renal tubulo-interstitial
diseases
N15
Acute nephritic syndrome N00
Unspeciﬁed nephritic syndrome N05
Isolated proteinuria with
speciﬁed morphological lesion
N06
Neuromuscular dysfunction
of bladder, not elsewhere
classiﬁed
N31
Other polyneuropathies G62
Nerve root and plexus disorders 353 G54
Other mononeuropathies G58
Mononeuropathies of lower limb G57
Mononeuropathies of upper limb G56
Facial nerve disorders 351 G51
Disorders of autonomic
nervous system
337 G90
Inﬂammatory polyneuropathy G61
Radiculopathy M54
Mononeuritis of upper
limb and mononeuritis multiplex
354
Mononeuritis of lower limb 355
Neuralgia, neuritis, and
radiculitis, unspeciﬁed
729.2
Lower limb amputations 96.11, 96.12,
96.13, 96.14,
96.15, 96.2
1VC93LA, 1VG93LA,
1VQ93LA, 1WA93LA,
1WE93LA, 1WJ93LA,
1WL93LA, 1WM93LA,
1WV59LA
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and females. In addition, the factors associated with a late diabetes
diagnosis will be explored and whether these factors differ for
males and females.
Subjects, materials and methods
This cross-sectional study utilized administrative and survey
data in Newfoundland and Labrador, Canada. Databases included
were: (1) the Canadian Chronic Disease Surveillance System
(CCDSS), 1999e2005; (2) the Canadian Community Health Survey
(CCHS), 2000/01, 2003, 2005; (3) the Clinical Database Manage-
ment System (CDMS), 1998e2006; and, (4) the MCP Fee-For-
Service Physician Claims Database, 1998e2006. Ethical approval
for this study was granted by the Health Research Ethics Authority
of Newfoundland and Labrador.
The CCDSS is a collaborative network of provincial and terri-
torial surveillance systems and uses a nationally validated case
deﬁnition to identify individuals with diabetes. One hospitaliza-
tion or two or more fee-for-service physician claims with a diag-
nosis of diabetes within a 2-year period is required to be
considered a diabetes case. Cases remain in the CCDSS until a re-
cord of their death is received or they leave the province. The case
deﬁnition used for the CCDSS has 86% sensitivity and 98% speci-
ﬁcity for identifying individuals who had diabetes recorded in
their primary care charts [20]. The CCHS is a national cross-
sectional survey conducted by Statistics Canada which collects
information related to health determinants, health status and
health system utilization for 130,000 Canadians. Three cycles of
the CCHS (2000/01, 2003, 2005) were combined to increase the
sample size and to decrease variation in the estimates [21]. The
CDMS is the provincial hospital separation database that captures
demographic, clinical and interventional information for patients
admitted to all acute health care facilities and surgical day care in
the province. The MCP system contains information related to
services provided by fee-for-service physicians under the pro-
vincial Medical Care Plan (MCP).
Diabetes and early and late diagnosis status
The dependent variables used in this study were diabetes status
and early and late diabetes diagnosis status. CCHS respondents’
aged 25 years and older in Newfoundland and Labrador, who
consented to share their data, were linked to the CCDSS via MCP
number (provincial health insurance number) to verify their dia-
betes status according to the CCDSS case deﬁnition. All incident
diabetes cases, as determined through the CCDSS, comprised the
diabetes study sample. Individuals reporting that they were not
diagnosed with diabetes at age 25 years or older, who participated
in the CCHS, and who consented to share their datawere eligible for
the non-diabetes group. These cases were linked to the CCDSS via
MCP number to verify whether or not they had diabetes according
to the CCDSS case deﬁnition.
Individuals with diabetes were classiﬁed as being diagnosed
‘early’ or ‘late’ depending on when diabetes related comorbidities
or complications developed. Individuals early on in the disease
course would not have any diabetes related comorbidities or
complications around the time of their case date. On the contrary, a
late diagnosed diabetes patient would have conditions related to
diabetes around the time they were diagnosed. Since type 2 dia-
betes can be present for 9e12 years before being diagnosed, com-
plications are often present at the time of diagnosis [3]. Insulin
resistance and beta-cell dysfunction are largely responsible for the
development of diabetes and its related complications and both are
present very early in the natural history of diabetes [22]. Theprogression of diabetes from pre-diabetes to complications is
different for each patient. In some individuals complications may
develop early at lower glucose concentrations or during increases in
glucose rather than after thresholds for a diagnosis are reached and
remain consistent [23]. In fact, diabetes may be initially detected at
the same time diabetes complications are being diagnosed [24]. The
UKPDS found that 50% of patients had diabetes related tissue
damage at the time of diagnosis [25]. (UKPDS, VIII).
In an effort to identify when comorbidities or complications
develop for individuals with diabetes, a series of deﬁnitions ranging
from speciﬁc to very broad (6 monthse2 years, before/after diag-
nosis) were developed and sample sizes were determined. Since
there was little change in the sample distribution across deﬁnitions,
the range of 6 months before and after diagnosis was used to deﬁne
Table 2
Characteristics of the study sample by diabetes status and sex
Males (n ¼ 3144) Females (n ¼ 3957) Total (n ¼ 7101)
Diabetes
(n ¼ 224)
No diabetes
(n ¼ 2920)
P valuea Diabetes
(n ¼ 242)
No diabetes
(n ¼ 3715)
P valuea Diabetes
(n ¼ 466)
No diabetes
(n ¼ 6635)
P valuea
Age (years), mean (SD) 58.9 (12.7) 47.5 (14.3) 0.000 59.2 (12.1) 47.8 (14.9) 0.000 59.1 (12.5) 47.6 (14.6) 0.000
Has high blood pressure, % (n) 43.5% (92) 16.3% (536) 0.000 46.3% (127) 19.6% (850) 0.000 44.8% (219) 18.0% (2808) 0.000
Female, % (n) e e e e e e 6.7% (242) 93.3% (3715) 0.000
Low education, % (n) 54.8% (133) 42.8% (1314) 0.000 65.9% (169) 44.8% (1801) 0.000 59.9% (302) 43.9% (3115) 0.000
Rural place of residence, % (n) 43.3% (93) 41.1% (1259) 0.000 44.4% (106) 37.0% (1459) 0.000 43.8% (199) 38.9% (2718) 0.000
Receives social assistance, % (n) F 6.4% (193) 0.517 16.8% (31)E 8.6% (332) 0.000 11.1% (43)E 7.6% (525) 0.000
Poor/Fair self perceived health, % (n) 29.0% (63)E 12.0% (398) 0.000 30.8% (71) 11.0% (445) 0.000 29.8% (134) 11.5% (843) 0.000
Body mass index (BMI), % (n)
Normalb 14.8% (44)E 30.0% (882) 0.000 20.3% (50) 43.5% (176) 0.000 17.3% (94) 37.0% (2348) 0.000
Overweightc/Obesed 85.2% (178) 70.0% (2012) 79.7% (176) 56.5% (2080) 82.7% (354) 63.0% (4092)
Physical activity, % (n)
Active/Moderately 32.6% (67)E 44.4% (1225) 0.000 25.4% (64) 35.8% (1331) 0.000 29.2% (131) 39.8% (2556) 0.000
Inactive 67.4% (140) 55.6% (1583) 74.6% (176) 64.2% (2352) 70.8% (316) 60.2% (3935)
Daily/Occasional smoker, % (n) 13.3% (36)E 28.5% (867) 0.000 24.8% (52) 25.6% (970) 0.090 18.5% (88) 27.0% (1837) 0.000
Regular/Occasional drinker, % (n) 70.3% (157) 85.2% (2438) 0.000 52.8% (118) 75.1% (2658) 0.000 62.3% (275) 79.9% (5096) 0.000
Life stress, % (n)
Not stressful 48.1% (117) 43.6% (1361) 0.000 35.4% (104) 38.7% (1501) 0.000 42.3% (221) 41.0% (2862) 0.000
Stressful 51.9% (106) 56.4% (1554) 64.6% (138) 61.3% (2213) 57.7% (244) 59.0% (3767)
Marital status, % (n)
Partnered 83.5% (170) 81.3% (2185) 0.000 64.3% (129) 73.8% (2474) 0.000 74.7% (299) 77.4% (4659) 0.000
Unpartnered 16.5% (54)E 18.7% (733) 35.7% (113) 26.2% (1241) 25.3% (167) 22.6% (1974)
Weak sense of belonging, % (n) 20.0% (38)E 20.1% (512) 0.785 20.2% (48)E 21.5% (727) 0.006 20.1% (86) 20.9% (1239) 0.000
Unemployed in the last 12 months, % (n) 41.3% (90) 21.6% (673) 0.000 65.8% (148) 35.8% (1324) 0.000 53.0% (238) 29.1% (1997) 0.000
Exposed to second hand smoke at home, % (n) 12.8% (21)E 20.5% (389) 0.000 25.9% (31)E 22.3% (526) 0.000 18.4% (52)E 21.5% (915) 0.000
Self perceived unmet health care needs, % (n) 10.8% (24)E 10.7% (306) 0.763 11.0% (28)E 13.0% (482) 0.000 10.9% (52)E 11.9% (788) 0.000
Has regular medical doctor, % (n) 94.2% (206) 82.3% (2248) 0.000 96.3% (231) 89.8% (3201) 0.000 95.2% (437) 86.2% (5449) 0.000
Data with a coefﬁcient of variation (CV) from 16.6% to 33.3% are identiﬁed as follows: (E) use with caution; Data with a coefﬁcient of variation (CV) greater than 33.3% were
suppressed due to extreme sampling variability and are identiﬁed as follows: (F) too unreliable to be published.
a Signiﬁcance level ¼ 0.05.
b BMI ¼ 18.5e24.9.
c BMI ¼ 25.0e29.9.
d BMI ¼ 30.0; % ¼ weighted percentages; n ¼ unweighted numbers.
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early and late, records for those with diabetes were linked to the
MCP and CDMS data to identify when hospital and physician visits
for diabetes related comorbidities or complications occurred and
these were compared to the diabetes case dates. Incident diabetes
patients without any diabetes related comorbidities or complica-
tions within 6 months before or after the diabetes case date were
classiﬁed as early diagnosed while those with a late diagnosis were
deﬁned as incident diabetes patients with at least one diabetes
related comorbidities or complications within 6 months before or
after diagnosis. The diabetes related conditions that were used to
deﬁne early and late status are listed in Table 1.Covariates
A number of independent variables were explored in this study.
The demographic variables included age, sex and marital status.
Individuals who were married or common law were classiﬁed as
partnered while individuals who were single, widowed, separated
or divorced were considered unpartnered. The socioeconomic var-
iables included education level, social assistance and region of
residence. Low education was deﬁned as less than secondary or
completed secondary education while high education was deﬁned
as post-secondary education or completed post-secondary educa-
tion. Urban region of residence was deﬁned in the CCHS as an area
with a population concentration of 1000 or more and a population
density of 400 or more per square kilometer based on census
counts. Lifestyle variables included leisure time physical activity
(active/moderately active, inactive), body mass index (BMI),
smoking status (former smoker/never smoked, occasionally/daily
smoker) and alcohol consumption (former/non-drinker, regular/occasional drinker). Physical activity level was derived from total
energy expenditure during leisure time, which uses the frequency
and duration of respondents’ reported leisure time activities in the
previous 3 months. BMI was calculated from self-reported height
and weight and classiﬁed as normal (18  BMI  24.99 kg/m2) and
overweight/obese (BMI  25 kg/m2). Other factors that were
assessed include regular medical doctor, high blood pressure, self
perceived health, life stress (most days considered stressful/not
stressful), sense of community belonging, employed in the past 12
months, exposed to second hand smoke at home and self perceived
unmet health care needs.
Statistical analysis
Characteristics of the study population are presented as
weighted percentages and compared between individuals with and
without diabetes and those diagnosed early and late with diabetes
using chi-square tests and t-tests. To determine the factors associ-
ated with a diabetes diagnosis and late diabetes diagnosis logistic
regression analysis was used to calculate odds ratios (OR). Since the
CCHS utilized a complex survey design, coefﬁcients of variation and
95% conﬁdence intervals (CI) were estimated using Statistics Can-
ada’s Bootvar program [26]. Analyseswere conducted separately for
males and females. All statistical analysis was performed using SAS
version 9.2 (SAS Institute, Cary, NS) software.
Results
The study sample consisted of 7101 individuals, and mean age
was 48.4 years (SD, 14.8 years). Forty eight percent of the sample
were male and 52% were female. Characteristics of the study
Table 3
Characteristics of the study sample by early and late diabetes diagnosis statusa and sex
Males (n ¼ 224) Females (n ¼ 242) Total (n ¼ 466)
Early (n ¼ 58) Late (n ¼ 166) P valueb Early (n ¼ 76) Late (n ¼ 176) P valueb Early (n ¼ 134) Late (n ¼ 332) P valueb
Age (years), mean (SD) 56.1 (11.3) 59.7 (13.0) 0.000 56.7 (13.2) 60.4 (11.4) 0.000 56.4 (12.4) 60.0 (12.3) 0.000
Female, % (n) e e e e 31.5% (76) 68.5% (166) 0.000
Low education, % (n) 52.6% (33)E 55.4% (100) 0.022 76.8% (56) 60.9% (113) 0.000 66.1% (89) 57.7% (213) 0.000
Rural place of residence, % (n) 31.9% (17)E 46.3% (76) 0.000 45.6% (37)E 43.9% (69) 0.147 39.5% (54)E 45.3% (145) 0.000
Receives social assistance, % (n) F F F 15.5% (22)E F 10.9% (33)E 0.249
Poor/Fair self
perceived health, % (n)
22.2% (12)E 30.8% (51)E 0.000 26.0% (19)E 33.0% (52)E 0.000 24.3% (31)E 31.8% (103) 0.000
Body mass index (BMI), % (n)
Normalc 18.8% (12)E 13.7% (32)E 0.000 21.3% (14)E 19.8% (36)E 0.113 20.2% (26)E 16.3% (68) 0.000
Overweightd/Obesee 81.2% (45)E 86.3% (133) 78.7% (57) 80.2% (119) 79.8% (102) 83.7% (252)
Physical activity, % (n)
Active/Moderately 32.7% (20)E 32.6% (47)E 0.912 31.6% (22)E 22.6% (42)E 0.000 32.1% (42)E 28.1% (89) 0.000
Inactive 67.3% (36)E 67.4% (104) 68.4% (54) 77.4% (122) 67.9% (90) 71.9% (226)
Daily/Occasional smoker, % (n) 22.9% (15)E 10.7% (21)E 0.000 32.3% (23)E 21.3% (29)E 0.000 28.2% (38)E 15.2% (50)E 0.000
Regular/Occasional
drinker, % (n)
81.4% (44)E 67.3% (113) 0.000 57.0% (42)E 50.9% (76) 0.000 67.9% (86) 60.4% (189) 0.000
Life stress, % (n)
Not stressful 40.6% (29)E 50.1% (88) 0.000 31.7% (28)E 37.1% (76) 0.000 35.7% (57) 44.7% (164) 0.000
Stressful 59.4% (29)E 49.9% (77) 68.3% (48)E 62.9% (90) 64.3% (77) 55.3% (167)
Marital status, % (n)
Partnered 88.1% (43) 82.2% (127) 0.000 67.5% (47)E 62.7% (82) 0.000 76.7% (90) 74.0% (209) 0.000
Unpartnered 11.9% (15)E 17.8% (39)E 32.5% (29)E 37.3% (84) 23.3% (44)E 26.0% (123)
Weak sense of
belonging, % (n)
F F 23.9% (18)E 18.5% (30)E 19.7% (27)E 20.3% (59) 0.439
Unemployed in
the last 12 months, % (n)
36.4% (20)E 42.8% (70) 0.000 63.0% (44)E 67.1% (104) 0.000 51.5% (64) 53.6% (174) 0.018
Exposed to second
hand smoke at home, % (n)
F 10.5% (15)E 25.6% (13)E 26.0% (18)E 0.787 24.1% (19)E 16.5% (33)E 0.000
Self perceived unmet
health care needs, % (n)
F 9.5% (15)E 14.4% (11)E 9.5% (17)E 0.000 15.1% (20)E 9.5% (32)E 0.000
Has regular medical doctor, % (n) 96.1% (54) 93.7% (152) 0.000 98.4% (73) 95.4% (158) 0.000 97.4% (127) 94.4% (310) 0.000
Data with a coefﬁcient of variation (CV) from 16.6% to 33.3% are identiﬁed as follows: (E) use with caution; Data with a coefﬁcient of variation (CV) greater than 33.3% were
suppressed due to extreme sampling variability and are identiﬁed as follows: (F) too unreliable to be published.
a Conditions used to identify early and late diabetes diagnoses are listed in Table 1.
b Signiﬁcance level ¼ 0.05.
c BMI ¼ 18.5e24.9.
d BMI ¼ 25.0e29.9.
e BMI ¼ 30.0; % ¼ weighted percentages; n ¼ unweighted numbers.
Figure 1. Percentage of males and females diagnosed with diabetes early and late.
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6.7% of the study sample had diabetes; 7.6% of males had diabetes
compared to 5.9% of females. Males and females with diabetes were
more likely to be older, live in a rural area and have less education
than those without diabetes (P < 0.01). Females with diabetes were
more likely to receive social assistance compared to females
without diabetes (P < 0.01), whereas no difference was found for
males. Males and females with diabetes were more likely to be
overweight/obese and physically inactive compared to those
without diabetes (P < 0.01). Males without diabetes were more
likely to be smokers compared to males with diabetes (P < 0.01),
while females had similar smoking rates regardless of diabetes
status.
Characteristics of the diabetes sample by early and late diagnosis
status and sex are presented in Table 3. For individuals with dia-
betes, 25.8% were diagnosed early and 74.2% were diagnosed late.
For males, 21.1%were diagnosedwith diabetes early and 78.9%were
diagnosed late, whereas 31.5% of females were diagnosed with
diabetes early and 68.5% were diagnosed late (Figure 1). Both males
and females with late diagnoses were older than those with early
diagnoses (P< 0.01). Males diagnosed latewith diabetes weremore
likely to live in a rural area compared to early diagnosed males
(P < 0.01), whereas no difference was found for females. Similarly,
males with late diagnoses were more likely to be overweight/obese
compared to early diagnosed males (P < 0.01), while no difference
was found for females. On the other hand, females with a late
diabetes diagnosis were more likely to be physically inactivecompared to females diagnosed early (P < 0.01). Physical activity
level for males was similar for those diagnosed early and late with
diabetes.
Adjusted odds ratios (OR) and 95% conﬁdence intervals (CI) for
factors associated with diabetes are presented in Table 4. High
blood pressure was positively associated with having diabetes for
both males (HR, 1.81; 95% CI, 1.15e2.85) and females (HR, 1.58; 95%
CI, 1.03e2.42). Being unemployed in the last 12 months and not
having a regular doctor were inversely associated with diabetes for
both males and females. For males only, being overweight or obese
Table 4
Adjusted odds ratios (OR) and 95% conﬁdence intervals (CI) for factors associated with diabetes
Males Females Total
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
Age 1.07 (1.04e1.09)** 1.07 (1.05e1.09)** 1.07 (1.05e1.08)**
Sex
Male e e 1.00
Female e e 0.68 (0.51e0.91)*
High blood pressure
Yes 1.81 (1.15e2.85)** 1.58 (1.03e2.42)* 1.70 (1.24e2.34)**
No 1.00 1.00 1.00
Education
High 1.00 1.00 1.00
Low 0.99 (0.64e1.55) 1.11 (0.71e1.73) 1.04 (0.78e1.40)
Region
Urban 1.00 1.00 1.00
Rural 0.94 (0.88e1.54) 1.47 (1.01e2.15)* 1.14 (0.86e1.52)
Social assistance
Yes 0.80 (0.27e2.34) 2.80 (1.52e5.15)** 1.93 (1.15e3.23)*
No 1.00 1.00 1.00
Self perceived health
Good/Very good/Excellent 1.00 1.00 1.00
Poor/Fair 1.68 (0.92e3.07) 2.06 (1.32e3.21)** 1.80 (1.25e2.60)**
Body mass index (BMI)
Normal 1.00 1.00 1.00
Overweight/Obese 1.35 (1.06e1.72)* 1.10 (0.98e1.22) 1.17 (1.07e1.28)**
Physical activity
Active/Moderately active 1.00 1.00 1.00
Inactive 1.52 (0.98e2.37) 1.12 (0.71e1.75) 1.32 (0.95e1.81)
Smoking status
Non smoker 1.00 1.00 1.00
Daily/Occasional 0.60 (0.33e1.08) 1.12 (0.68e1.86) 0.83 (0.58e1.18)
Drinking status
Former/Non drinker 1.00 1.00 1.00
Regular/Occasional 0.53 (0.32e0.88)* 0.71 (0.48e1.06) 0.61 (0.44e0.85)**
Life stress
Not stressful 1.00 1.00 1.00
Stressful 1.08 (0.74e1.59) 1.45 (1.01e2.10)* 1.25 (0.96e1.67)
Marital status
Partnered 1.00 1.00 1.00
Unpartnered 0.89 (0.55e1.44) 0.97 (0.64e1.46) 0.93 (0.68e1.26)
Sense of belonging
Strong 1.00 1.00 1.00
Weak 1.19 (0.72e1.98) 0.97 (0.62e1.52) 1.09 (0.78e1.52)
Employed in the last 12 months
Yes 1.00 1.00 1.00
No 0.75 (0.64e0.88)** 0.77 (0.68e0.88)** 0.76 (0.68e0.84)**
Exposed to second hand smoke
Yes 1.04 (0.93e1.16) 1.08 (0.99e1.19) 1.06 (0.99e1.14)
No 1.00 1.00 1.00
Self-perceived unmet health care needs
Yes 1.09 (0.54e2.21) 0.88 (0.52e1.48) 0.95 (0.61e1.46)
No 1.00 1.00 1.00
Has a regular medical doctor
Yes 1.00 1.00 1.00
No 0.50 (0.25e0.99)** 0.30 (0.11e0.83)* 0.40 (0.24e0.67)**
‘e’: odds ratios not calculated for these indicators; **P < 0.01; *P < 0.05.
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while being a regular or occasional drinker (HR, 0.53; 95% CI, 0.32e
0.88) was inversely associated with diabetes. In contrast, living in a
rural area (HR, 1.47; 95% CI, 1.01e2.15), receiving social assistance
(HR, 2.80; 95% CI, 1.52e5.15), having poor self perceived health (HR,
2.06; 95% CI, 1.32e3.21), and considering most days stressful (HR,
1.45; 95% CI, 1.01e2.10) were positively associated with diabetes for
females.
Adjusted ORs and 95% CIs for factors associated with a late
diabetes diagnosis are presented in Table 5. For males, no factors
were signiﬁcantly associated with an early or late diabetes diag-
nosis. However, for females, having a low education (OR, 0.33; 95%
CI, 0.11e0.99) was inversely associated with a late diabetes diag-
nosis. No other factors were signiﬁcantly associated with a late
diabetes diagnosis in females.Discussion
This study found that for males and females, high blood pressure
was positively associated with diabetes. This ﬁnding is consistent
with Meisinger et al. [27] who also found that hypertension was
strongly associated with diabetes in both males and females. This
study also found males and females who do not have a regular
doctor are less likely to be diagnosed with diabetes than those who
do. This could be due to the fact that those who have a doctor have
an increased opportunity to discuss symptoms and to be screened
for diabetes.
Being overweight or obese was associated with diabetes for
males only in this study. Similarly, Njolstad et al. [28] also found
that BMI was positively associated with diabetes; however, after
controlling for other factors BMI was a stronger predictor in men.
Table 5
Adjusted odds ratios (OR) and 95% conﬁdence intervals (CI) for factors associated with a late diabetes diagnosis
Males Females Total
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
Age 1.02 (0.98e1.07) 1.04 (0.98e1.09) 1.02 (0.99e1.06)
Sex
Male e e 1.00
Female e e 0.65 (0.37e1.14)
Education
High 1.00 1.00 1.00
Low 0.71 (0.28e1.84) 0.33 (0.11e0.99)* 0.49 (0.25e0.94)*
Region
Urban 1.00 1.00 1.00
Rural 1.84 (0.64e5.28) 1.05 (0.46e2.39) 1.32 (0.70e2.47)
Self-perceived health
Good/Very good/Excellent 1.00 1.00 1.00
Poor/Fair 2.33 (0.73e7.46) 1.13 (0.44e2.87) 1.66 (0.87e3.16)
Body mass index (BMI)
Normal 1.00 1.00 1.00
Overweight/Obese 2.14 (0.62e7.35) 0.99 (0.36e2.71) 1.30 (0.59e2.85)
Physical activity
Active/Moderately Active 1.00 1.00 1.00
Inactive 1.19 (0.47e2.99) 1.38 (0.57e3.34) 1.26 (0.69e2.33)
Smoking status
Non smoker 1.00 1.00 1.00
Daily/Occasional 0.46 (0.12e1.70) 0.72 (0.26e1.99) 0.64 (0.29e1.42)
Drinking status
Former/Non drinker 1.00 1.00 1.00
Regular/Occasional 0.47 (0.16e1.35) 0.78 (0.32e1.95) 0.68 (0.37e1.24)
Life stress
Not stressful 1.00 1.00 1.00
Stressful 0.62 (0.23e1.64) 0.92 (0.37e2.32) 0.79 (0.41e1.52)
Marital status
Partnered 1.00 1.00 1.00
Unpartnered 1.58 (0.42e6.02) 0.98 (0.38e2.53) 1.10 (0.51e2.35)
Employed in the last 12 months
Yes 1.00 1.00 1.00
No 0.94 (0.55e1.63) 0.92 (0.64e1.34) 0.96 (0.73e1.26)
Exposed to second hand smoke
Yes e e 0.99 (0.84e1.16)
No e e 1.00
Self perceived unmet health care needs
Yes e e 0.47 (0.21e1.05)
No e e 1.00
Has a regular medical doctor
Yes e e 1.00
No [1] e e 2.18 (0.36e13.07)
‘e’: odds ratios not calculated for these indicators; **P < 0.01; *P < 0.05.
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levels than females, which suggest males are more susceptible to
diabetes than females [9]. In addition, abdominal fat is associated
with higher risk of diabetes and males usually carry weight in their
abdominal region while females tend to carry weight in their hips
and thighs [29].
For males only, being a regular or occasional drinker was
inversely associated with diabetes. A U-shaped relationship has
been found between diabetes risk and alcohol consumption [30,31].
A meta-analysis conducted in 2005 found that moderate alcohol
consumption is associated with a 30% reduced risk of type 2 dia-
betes in males and females [30]. The ﬁndings of this study are
consistent with a recent study by Rasouli et al. [32] which found
that moderate alcohol consumption is protective for type 2 diabetes
in males but not in females The authors suggest that females could
be more sensitive to the negative effects of alcohol compared to
males or that females are more likely than males to underreport
their alcohol intake.
This study found that living in a rural area was associated with
diabetes for females only. The prevalence of diabetes is higher for
individuals living in rural areas compared to urban areas [33,34]. Ingeneral, diabetes prevalence is higher in males than females [2].
Johnson et al. [35] found diabetes prevalence was highest in rural
men; however, mortality rates declined slightly for rural men and
did not change for rural women between 1995 and 2006. In-
dividuals living in rural areas are also more likely than urban resi-
dents to visit an emergency room or be admitted to hospital for the
management of diabetes [36]. These ﬁndings highlight the differ-
ences in diabetes outcomes for individuals living in rural areas,
especially females.
Receiving social assistance was associated with diabetes for fe-
males only in this study. Lysy et al. [37] found that diabetes risk is
higher for lower income groups compared to higher income groups.
In addition, risk was higher for lower income females compared to
males. Dinca-Panaitescu et al. [33] also found an association be-
tween diabetes and income for both males and females, and the
odds ratios were higher for females.
Having poor self perceived health was positively associated with
diabetes for females only. Unden et al. [38] found that females with
diabetes reported having a worse health situation than males, and
were more likely to rate their health as poor compared to males.
They conclude that diabetes may be experienced differently for
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females were less likely to rate their health as excellent compared
with males. They also found that self-rated health was signiﬁcantly
associated with diabetes complications. One explanation for the
discrepancy is that men and women use different information
when making assessments about their health. Women have been
found to base their health ratings on both serious andmild diseases,
while men base them on serious illness only [40].
Previous research has also found that stress increases the risk of
diabetes [41,42]. This study found that considering most days
stressful was positively associated with diabetes for females but not
for males. In addition, being unemployed in the last 12 months was
inversely associated with diabetes for both males and females. This
is interesting since work stress has been found to increase the risk
of diabetes for females while the risk in menwas decreased by high
work demands [43].
This study found that females with a low education level,
deﬁned as less than secondary or completed secondary education,
were less likely to be diagnosed late with diabetes compared to
those with a higher level of education. Research investigating the
association between early and late diabetes diagnosis and
educational attainment has not been previously explored; how-
ever, research has been conducted on education level as a risk
factor for diabetes. Most research suggests that individuals with a
low level of education have a higher risk of diabetes and that the
association is stronger in females [44e46]. However, Chien et al.
[47] found that higher education levels were signiﬁcantly associ-
ated with developing pre-diabetes or type 2 diabetes and this
ﬁnding was signiﬁcant for females only. When comparing litera-
ture from other conditions, Sobrino-Vegas et al. [48] found that
females with a high education level were more likely to have a
delayed HIV diagnosis than those with a low education level. The
opposite was observed in males. The authors suggest that females
with low education levels andmales believe they are at higher risk
for HIV as do their health care providers. As a result, they are
offered routine HIV testingmore than females with high education
levels. HIV and diabetes are very different conditions since HIV is
associated with social stigma and discrimination. However, pre-
vious research has found that patients with a low education level
have more consultation time spent on physical examination and
nutritional counseling compared to higher educated patients [49].
In addition, Piette et al. [50] examined general communication
processes and diabetes-speciﬁc communication. Patients with
lower education levels reported better general and diabetes-
speciﬁc communication than patients with higher education
levels. Health care providers may spend more time counseling
patients that they perceive are in need of extra attention or
explanation [50]. Physicians may pay particular attention to in-
dividuals with lower education levels in an effort to diagnosis type
2 diabetes earlier and since females visit their doctors more than
males [51], females with lower education levels may be diagnosed
with diabetes earlier than females with higher education levels or
males.
Another possible explanation is that demands on an individuals’
time may negatively affect their health. Adults with diabetes who
are the primary caregivers for children or the elderly may not have
time to obtain health care for themselves [52]. Females are usually
the primary caregivers for their families and often have to balance
their families’ needs with caring for an aging or sick relative and
working outside the home. When asked the reasons for delaying or
going without care, one in ﬁve women state that lack of time is a
barrier [53].
Finally, this ﬁnding could also be explained by other factors that
were not available in the data, such as genetics, family history, A1C,
and blood glucose levels.Limitations
There are also several limitations that need to be addressed.
Firstly, this was a cross-sectional study and therefore not as
strong as a cohort or intervention study. Secondly, the covariates
in this study are based on self reported responses from the
CCHS. Self reported information can be affected by recall bias
and social desirability bias. In addition, the CCDSS diabetes case
deﬁnition does not differentiate between type 1 and type 2
diabetes. However, since most adults are diagnosed with type 2
diabetes [1] it’s unlikely to have a major impact on the results.
Furthermore, the CCDSS diabetes case deﬁnition uses physician
claims data. In NL, one-third of the province’s physicians are
paid on a salary basis and these physicians are not required to
submit medical claims so information on these visits is not
captured. As a result, the sample of diabetes cases may be less
than the true number of incident cases. In addition, some
misclassiﬁcation could have occurred as individuals with dia-
betes could have been classiﬁed as not having diabetes because
a salaried physician provided most of their care. Also, early and
late diabetes diagnosis was determined by linking records for
those with diabetes to the MCP and CDMS data to identify when
hospital and physician visits for diabetes related comorbidities
or complications occurred and these were compared to the
diabetes case dates. The range of 6 months before and after
diagnosis was used to deﬁne early and late diabetes diagnosis.
Some misclassiﬁcation could have occurred as comorbidities or
complications could have developed outside the 6 month range.
Comorbidities such as cardiovascular disease, stroke and coro-
nary artery disease have similar risk factors as diabetes and
could be diagnosed at the same time or before diabetes is
diagnosed. Since many deﬁnitions of early and late diabetes
diagnosis were tested and there was little change in the sample
distribution across deﬁnitions, we feel that the range of 6
months before or after diagnosis is a good deﬁnition of early and
late diabetes diagnosis. However, more research into when
comorbidities and complications of diabetes develop is needed.
Finally, even though the problem of small sample sizes is
reduced by combining CCHS cycles, it is not completely
eliminated.
In conclusion, the results of this study suggest that different
factors are associated with diabetes for males and females. Disad-
vantaged females, including those living in a rural area, receiving
social assistance, having poor self-perceived health, and consid-
ering most days stressful appear to be at the greatest risk. The
factors associated with a late diabetes diagnosis were also different
for males and females. Females with lower education levels are
diagnosed with diabetes earlier than females with higher education
levels. Certain risk factors appear to impact males and females
differently and more research is needed on howmales and females
develop diabetes and when they are diagnosed.
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